Introduction
============

The food industry faces challenges requiring specific approaches to overcome or diminish them. One of the challenges is the packaging food with a short shelf life (i.e., ground meat).^[@B1]^ Ground beef is a highly perishable food due to its high contact surface and high protein and moisture composition, requiring careful handling and strict preservation.^[@B2]^ Currently, various preservation techniques including traditional and innovative methods are used by the industry to protect meat products. A novel method is the use of naturally occurring preservatives (bio-preservatives) widely used to control pathogens and to ensure the microbial and chemical quality of meat.^[@B3]^ There are a number of ways to classify bio-preservatives, nevertheless, the classification based on the origin of preservatives is the most popular approach. Therefore, based on the origin, bio-preservatives fall into three categories, those originating from plant, animal and microbial sources.^[@B4]^

Lactic acid bacteria (LAB), a heterogeneous group of Gram-positive bacteria, comprise a diverse group of bacteria with similar morphological, metabolic and physio-logical characteristics.^[@B5]^ *Lactobacillus* is one of the most important genera in this group and the bacterial species in this genus are found in the flora of the mouth, intestines and female reproductive organs.^[@B6]^ The antimicrobial activity of these bacteria is due to secretion of various substances including the organic acids (mainly lactic and acetic acids), bacteriocins, hydrogen peroxide, di-acetyslene, acetaldehyde and ammonia.^[@B5]-[@B7]^ Most of *Lactobacillus salivarius* are commonly used probiotic micro-organism with multiple biological benefits. The *L. salivarius* secretes unmodified bacteriocins of sub-classes IIa, IIb and IId, organic acids and bacteriocins-like substance and exhibits antimicrobial activity against different pathogens.^[@B8]-[@B10]^

During the growth of LAB, these compounds are excreted into the cell-free supernatant (CFS) of the bacterial suspension.^[@B11]^ Nowadays, due to the rise of antibiotic resistance and the side effects of chemical preservatives in food, the use of alternative natural compounds is highly emphasized. Despite well-defined characteristics of LAB, their growth and survival in food are influenced strongly by many food internal and external factors such as pH, temperature, salt contents, etc and their functional metabolites such as bacteriocins are narrow-spectrum antibacterial substances as well.^[@B12]^ An alternative method explored in this work is the preparation of CFS of *L. salivarius* containing almost all the functional compounds (i.e., antimicrobial and anti-oxidants) acting as a novel substitute for using whole bacteria or metabolites.

Currently, the use of LAB and their antimicrobial metabolites is very common to improve the food safety and to increase food shelf life, while, some studies have been carried out on the application of CFS, LAB cellular fractions such as pure exopolysaccharides-a and intracellular cell-free extracts on foodborne pathogens inactivation in the food models.^[@B12]-[@B16]^ The aims of the present work were to evaluate the effects of Ls-BU2 CFS on chemical, microbial and sensorial specifications of ground beef stored under the refrigerated condition and to investigate the antibacterial activity of CFS on *Escherichia coli*.

Materials and Methods
=====================

**Materials.**Fresh ground beef was directly purchased from a meat packaging company and transferred to the microbiology laboratory aseptically at 4.00 ˚C. Sorbitol MacConkey (SMAC) agar was purchased from Merck (Darmstadt, Germany). Peptone water (PW), plate count agar (PCA), de Mann, Rogosa and Sharpe (MRS) agar and broth and Luria Bertani (LB) agar and broth were provided by Quelab Laboratories (Quebec, Canada), while all other chemicals were purchased from Sigma-Aldrich (St. Louis, USA). The *L. acidophilus* LA-5 and *E. coli* ATTC 11303 were obtained from Department of Food Hygiene and Quality Control, Faculty of Veterinary Medicine, Urmia University, Urmia, Iran.

**Preparation of CFS from** ***L. salivarius*** **and** ***L. acidophilus.***The Ls-BU2 was originally isolated from buffalo raw milk and identified based on the 16S rRNA gene sequencing. The isolate showed promising antibacterial activity.^17^ The *L. salivarius* was grown in MRS broth and incubated for 48 hr at 37.00 ± 1.00 ˚C in a CO~2~ incubator (Sina Lab., Tehran, Iran) and then the culture was centrifuged (Farzaneh Arman Co., Isfahan, Iran) at 4000 *g* for 10 min. The supernatant was removed, freeze-dried (Zist Farayand Tajhiz Sahand, Tabriz, Iran; freezing temperature: -- 40 ˚C, pump pressure: 100 mTorr and shelf temperature: -- 60 ˚C) and used as a CFS powder (CFS~Ls~; [Fig. 1](#F1){ref-type="fig"}). The CFS of a well-known probiotic (*L. acidophilus* LA-5; CFS~La~) was also prepared and used as a control in all experiments.

![The cell-free supernatant image of *L. salivarius* after lyophilization process](vrf-10-193-g001){#F1}

**Antibacterial activity of prepared CFSs.**The*E. coli* suspension was prepared by sub-culturing bacteria in LB broth and the bacterial dose was adjusted using visible-ultraviolet spectrophotometer (Amersham Pharmacia Biotech Inc., Buckinghamshire, UK) at 600 nm to ∼8 log~10~ CFU mL^-1^ (optical density: ∼ 0.10). Agar-disk diffusion method was selected to investigate the antibacterial efficacy of CFSs on an inoculated LB agar with*E. coli*.^[@B18]^ A 6.00 mm sterile blank disk was coated in 10.00 mg mL^-1^of CFS solution for 5 min and after drying at room temperature, the disk was placed on an inoculated LB agar (\~ 6 log~10~ CFU mL^-1^). Plates were incubated at 37.00 ± 1.00 ˚C for 24 hr and the zone diameter of inhibition was measured in triplicate.

**Antimicrobial activity of CFSs against** ***E. coli*** **in ground beef.**A challenge test was carried out to estimate the minimal effective concentration (MEC) of CFSs in the ground beef.^[@B12]^ Required amount of *E. coli*suspension was added into 100 g meat in plastic bags to reach a final bacterial population of 4.30 log~10~ CFU g^-1^.^[@B1]^ The CFSs of Ls-BU2 and*L. acidophilus*at concentrations between 10.00 and 45.00 mg mL^-1^were added into the meat samples separately and the samples were completely homogenized using stomacher (Seward Medical Ltd, London, UK) at 200 rpm for 2 min. The meat samples were refrigerated at 4.00 ˚C for 6 days. The SMAC agar was used to culture and count *E. coli*in meat samples. The MEC was defined as CFS concentration reducing the initial bacterial count under culture limit of 100 bacteria for meat during three days of storage at 4.00 ˚C. A similar experiment was also performed in LB broth instead of the food matrix. Our initial experiment showed that the original meat was not contaminated with *E. coli* (limit of detection of 10 CFU g^-1^).

**Application of CFS on ground beef shelf life.**One hundred gram of meat was transferred into a sterile stomaching bag and CFS of both lactobacillus strains were added separately into meat to reach final concentrations of 10.00 and 35.00 mg g^-1^ of CFS in meat. The groups included control, CFS of Ls-BU2 (CFS~Ls~ 10.00 mg g^-1^and CFS~Ls~ 35.00 mg g^-1^) and CFS of *L. acidophilus* (CFS~La~ 10.00 mg g^-1^and CFS~La~ 35.00 mg g^-1^). Samples were properly homogenized using stomacher at 200 rpm for 2 min, packaged in a polyethylene container and stored at 4.00 ± 1.00 ˚C for 9 days for microbiological, chemical and sensorial evaluations.^[@B4]^

**Microbiological analysis.**At each sampling time (day 0, 3, 6 and 9), 10.00 g of each specimen was aseptically transferred into sterile stomaching bag containing 90 mL sterile 0.10% PW and homogenized using a stomacher at 200 rpm for 2 min. After preparation of decimal dilutions (1:10) in 0.10% PW, appropriate dilutions were cultured on PCA for total psychrophiles counts (TPC) and incubated at 10.00 ˚C for 5 to 7 days. Bacterial counts were represented as log~10~ CFU g^-1^. ^[@B1]^

**Chemical analysis.**At each sampling intervals, 10.00 g from each sample was thoroughly mixed in 90.00 mL sterile 0.10% PW in a stomacher and pH of samples was measured at room temperature using pH meter (Metrohm, Zofingen, Switzerland). Thiobarbituric acid (TBA) was determined in terms of milligrams of malondialdehyde per kilogram of the sample by an extraction procedure according to the method explained by Tajik *et al*.^[@B1]^ Cold (4.00 ˚C) extraction solution composed of perchloric acid (4.00%) and 1.00 mL of 1.00 mg mL^-1^ butylated hydroxyanisole (BHA) was added to 10.00 g sample, blended at 13500 rpm for 1 min and then filtered. The filtrate was adjusted to 50 mL with 4.00% perchloric acid and 5.00 mL aliquot of the filtrate was added to 5.00 mL of TBA (0.02 M). The mixture was mixed, maintained at 100 ˚C for 60 min and then cooled. The absorbance was measured at 532 nm. The TBA values were expressed as mg malondialdehyde kg^-1^ sample.

**Sensorial analysis.**Sensorial specifications (color, odor and overall acceptability) of the samples were evaluated at day 6 of storage by 21 sensorial members on the basis of nine-point hedonic scale (9 = like extremely; 8 = like very much; 7 = like moderately; 6 = like slightly; 5 = neither like nor dislike; 4 = dislike slightly; 3 = dislike moderately; 2 = dislike very much; 1 = dislike extremely).^[@B1]^

**Statistical analysis.**The data (three replicate for each test) were statistically analyzed using analysis of variance (ANOVA) in GraphPad Prism (version 5.00; GraphPad Software Inc., San Diego, USA). Duncan\'s multiple range test was used to assess significant differences (*p*\< 0.05) between the groups.

Results
=======

**Antimicrobial activity of CFS.**The inhibitory zones of CFS~Ls~ and CFS~La~ against *E. coli* were 12.98 ± 0.70 and 5.20 ± 0.50 mm in LB culture medium, respectively. Moreover, MEC of CFS against *E. coli* in meat and the culture media was estimated. The MEC of CFS~Ls~ in ground meat and LB broth was respectively 35.00 and 25.00 mg g^-1^, while CFS~La~ showed MEC of 45 and 45.00 mg g^-1^, in order.

**The effect of CFSs on the shelf life of ground beef.**The effectiveness of prepared CFSs on TPC of meat is shown in [Figure 2](#F2){ref-type="fig"}. The initial TPC of samples were 4.70 log~10~ CFU g^-1^. Control and treatment containing CFS~La~ at 10.00 mg mL^-1^concentration were crossed the maximum accepted level (7.00 log~10~ CFU g^-1^) of TPC before day 6. Treatments containing 10.00 mg g^-1^CFS~Ls~ passed the limit after day 9. The CFS~Ls~ at 35.00 mg g^-1^concentration retained TPC at a lower value than maximum level during 9 days of storage.

The TBA (mg malondialdehyde kg^-1^ sample) values of ground meat with CFS are shown in [Table 1](#T1){ref-type="table"}. Except for 10.00 mg g^-1^CFS~La~, the TBA values of all the other treatment groups were significantly lower than those of the control group (*p*\< 0.05) at all time points. In the control and CFS~La~ at 10.00 mg g^-1^groups, TBA values were rapidly increased throughout the refrigerated storage, whereas in the group with 35 mg g^-1^ CFS, TBA value was recorded 0.67 - 0.75 mg malondialdehyde kg^-1^ at the end of storage time. There was a rapid increase in pH in the control and 10.00 mg mL^-1^CFS~La~ groups compared to the other treatment groups ([Table 1](#T1){ref-type="table"}).

**Sensorial analysis.**The scores of sensorial evaluations of the treatment groups which carried out at day 6 of storage are shown in [Figure 3](#F3){ref-type="fig"}. The treatment group of CFS~Ls~ at 35.00 mg g^-1^showed the highest scores in color (8), odor (7) and overall acceptability (8), while the control group showed the lowest scores ( 5) for all checked attributes among all the treatment groups. The overall acceptability scores of the other groups were 6.
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###### 

The effects of different concentrations (10.00 and 35.00 mg g^-1^) of *Lactobacillussalivarius*cell-free supernatant (CFS) on pH and thiobarbituric acid (TBA) values of ground beef during storage at 4.00  C for 9 days

  **Treatment**                 **pH**         **TBA (** **mg of malondialdehyde per kg of sample)**                                                                                
  ----------------------------- -------------- ------------------------------------------------------- -------------- --------------- -------------- --------------- -------------- ---------------
  **Control**                   6.10±0.10^a^   6.70±0.10^e^                                            7.10±0.10^d^   7.40±0.10^d^    0.29±0.04^a^   0.53±0.04^c^    0.76±0.01^d^   0.96±0.03^cd^
  ***L. salivarius CFS-10***    6.10±0.10^a^   6.50±0.10^c^                                            6.70±0.10^b^   7.00± 0.00^b^   0.29±0.04^a^   0.33±0.15^ab^   0.45±0.12^b^   0.74±0.11^b^
  ***L. salivarius CFS-35***    6.10±0.10^a^   6.20±0.10^a^                                            6.50±0.10^a^   6.70±0.10^a^    0.29±0.04^a^   0.30±0.12^a^    0.39±0.07^a^   0.67±0.09^a^
  ***L. acidophilus CFS-10***   6.10±0.10^a^   6.60±0.10^d^                                            7.10±0.10^d^   7.10±0.10^c^    0.29±0.04^a^   0.53±0.14^c^    0.75±0.09^d^   0.93±0.15^c^
  ***L. acidophilus CFS-35***   6.10±0.10^a^   6.30±0.10^b^                                            6.90±0.10^c^   6.90±0.00^b^    0.29±0.04^a^   0.39±0.05^b^    0.68±0.08^c^   0.75±0.11^b^

^abcd^ Values in the same column with different lowercase superscripts mean that the values are significantly different (*p* \< 0.05).
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Discussion
==========

Bio-preservation of meat using microorganisms such as LAB is a new-emerged technology to preserve meat from spoilage.^[@B19]^ There are two different approaches to use LAB in meat including direct addition of live bacteria and addition of purified antimicrobial agents of LAB.^[@B12]^ Both methods have their own disadvantages to use as a substance to extend the shelf life of food.^[@B20],[@B21]^ In the present study, CFSs were prepared from two well-known probiotic bacteria to investigate their possible bio-preservative activities in the ground beef. The CFSs of both *lactobacilli* represented antibacterial activity against *E. coli* in culture media and ground beef meat, nevertheless, CFS~Ls~ was more potent antibacterial than CFS~La~ in both matrices. Both CFSs were more effective in culture media than meat matrix. Similar to the results presented by de Barros *et al*., the presence of inhibitory zones on agar media confirmed the antibacterial activity of all tested CFSs on pathogenic bacteria.^[@B22]^ In a study by Mirnejad *et al*., among different examined CFSs, CFS of *L. casei* 431 showed the lowest antilisterial activity suggesting a weak antibacterial activity associated with the presence of organic acids in CFS and bacteriocins did not involve.^[@B23]^ Hamad *et al*. have demonstrated the combined antimicrobial activity of CFSs from *L. acidophilus*, *Bifidobacterium bifidum,*and *L. plantarum*at 1.00% concentration against *E. coli* in milk and cheese and concluded that this activity could be a result of the organic acids composition of CFS.^[@B14]^

As noted in this study, it is clear that the efficacy of CFS in culture media is much higher than meat due to the complexity of commodity, solubility, and adsorption of CFS to meat as well as interactions of CFS components with meat ingredients.^[@B24]^ The LAB exhibit their antimicrobial activity by secreting compounds like bacteriocins, organic acids and hydrogen peroxide against pathogenic and spoilage-related bacteria.^[@B25]^ The CFS~La~ showed weak antimicrobial activity in comparison with CFS~Ls~. The anti-microbial activity of *L. acidophilus* LA-5 does not correlate with the production of bacteriocins,^[@B26]^ whereas *L.* *salivarius* produces bacteriocins, organic acids, and bacteriocin-like substances being responsible for its strong antimicrobial activity.^[@B9]^ We have demonstrated that CFS of Ls-BU2 contains an antimicrobial/antioxidant agent known as pyrrolo\[1,2-a\] pyrazine-1, 4-dione (unpublished data).

The shelf life of food products is a matter, which needs to be considered from three different aspects including microbial, chemical and sensorial qualities. The results demonstrated that the supplementing ground beef with 35.00 mg g^-1^CFS~Ls~ significantly decreased the growth of the psychrophilic population in ground beef ([Fig. 2](#F2){ref-type="fig"}). The results revealed that higher concentrations of CFSs could control microbial growth in meat more effectively than lower concentrations. According to Tajik *et al*., meat psychrotrophic bacteria are the most sensitive spoilage agents to the antimicrobial compounds.^[@B1]^

This is the first report on the application of CFS for extending the shelf life of food commodity. Ground beef is known as a sensitive commodity to lipid oxidation due to its large surface area being easily reached by oxygen.^[@B27]^ Therefore, the control of oxidative off-flavors (rancidity) is an important procedure to postpone the spoilage of meat. It has been previously demonstrated that CFS of LAB represents higher antioxidant capacity than intact bacteria and intracellular extracts.^[@B28]^ The anti-oxidative activity of CFS would be related to the production of compounds such as superoxidase dismutase, nicotinamide adenine dinucleotide, nicotinamide adenine dinucleotide phosphate, glutathione and peptides.^[@B29]^ As reported in the previous studies, the antioxidant capacity of CFS is related to the bacterial strain and different genera of bacteria exhibit different antioxidant activities.^[@B28],[@B30]^ In the present study, it was revealed that not only the antioxidant activity is genus dependent, but also dose-dependent. A limit of 1.00 mg of malondialdehyde per kg of meat has been proposed for sensory perceived rancidity of meat.^[@B31]^ No samples passed the limit during the storage, nevertheless control and samples treated with 10.00 mg g^-1^CFS~La~ expressed close TBA contents to the mentioned limits during the 9 days storage. The CFS~Ls~ at 35.00 mg g^-1^showed high antioxidant activity (TBA value of 0.70 mg of malondialdehyde per kg of meat) in ground meat during refrigerated storage ([Table 1](#T1){ref-type="table"}).

Addition of CFS of both *lactobacilli* in both 10.00 and 35.00 mg g^-1^to ground meat did not significantly affect consumer preference and overall acceptability of the examined meat. In CFS treated groups, sensorial scores were more than average ( 5). Despite a mild brown color of CFS ([Fig. 1](#F1){ref-type="fig"}), the color scores were higher than five in all the groups supplemented with CFS. The similarity of meat and CFS color masks the color of CFS and the sensorial members could not differentiate the incorporated additive. Due to the color appearance of CFS of LAB, it is not preferred for food with white and opaque features (i.e., milk and dairy products). Kamble *et al*. have reported that CFS of *Pediococcus acidilactici* NCDC252 with ethylene-diamine-tetraacetic acid (EDTA) represents high sensorial scores in chicken carcasses stored at 4.00 ˚C.^[@B32]^ It has also been reported that the addition of intracellular extract of *L. salivarius* H strain in dry-cured ham keeps the color stability of fresh pork.^33^ In meat products, the scores higher than 6 are acceptable for odor attributes.^[@B34]^ Considering the results of the sensorial evaluation, concentrations of CFS~Ls~ at 10.00 and 35.00 mg g^-1^and CFS~La~ at 35.00 mg g^-1^ ([Fig. 1](#F1){ref-type="fig"}) could be considered as the acceptable doses to be added in ground beef.

The results of this study demonstrated that CFS could control microbial and oxidative deteriorations of ground beef in a concentration-dependent trend during the storage at the refrigerated condition. The CFS~Ls~ at 35.00 mg g^-1^concentration revealed acceptable antimicrobial and antioxidant activities and extended the overall shelf life of ground meat. As an alternative, CFS~La~ could also serve certainly like a safe food additive with lower antimicrobial/antioxidant activity than CFS~Ls~. Further analytical investigations will be required to elucidate the possible main antimicrobial/antioxidant agents of CFS involving in the meat shelf life extension.
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